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HVWLPDWH)RULQVWDQFHQHDUO\RIWKHODUJHDFWLYHWUDQVSRUWDWLRQSURMHFWVLQWKH8QLWHG6WDWHVRYHUUDQWKHLULQLWLDO
EXGJHWV>@7RRYHUFRPHWKHFRVWRYHUUXQLVVXH LGHQWLI\LQJSURMHFWULVNIDFWRUVDQGFRVWHVFDODWLRQIDFWRUVKDYH
EHHQ WKH VXEMHFW RIPXFK UHVHDUFK >@7R DEVRUE WKH FRVW LPSDFW RI WKHVH ULVN IDFWRUV D FRQWLQJHQF\EXGJHW LV
DGGHGWR WKHWRWDOSURMHFWEXGJHW7KLVPHDQVWKDWD WRWDOFRVWRISURMHFW LVEURNHQGRZQWREDVHFRVWDQG
FRQWLQJHQF\FRVW%DVHFRVW LV WKHFRVWRISURMHFWZKLFK LVQRW LQFOXGLQJFRQWLQJHQF\>@7KHVHDUHFHUWDLQFRVW
LWHPVRIDSURMHFWZLWKDJLYHQVFRSHQHFHVVDU\WRSK\VLFDOO\GHOLYHUWKHSURMHFW&RQWLQJHQF\LVGHILQHGDVDUHVHUYH
EXGJHWIRUFRSLQJZLWKULVNVDQGXQFHUWDLQWLHVDQGWRKHOSNHHSWKHSURMHFWVRQEXGJHW&RQWLQJHQF\LVWUDGLWLRQDOO\
HVWLPDWHGDVDSUHGHWHUPLQHGSHUFHQWDJHRISURMHFWEDVHFRVWGHSHQGLQJRQWKHSURMHFWSKDVH,QUHFHQW\HDUVVRPH
DJHQFLHV KDYH VWDUWHG FRQGXFWLQJ IRUPDO SUREDELOLVWLF ULVN DVVHVVPHQW WR HVWLPDWH FRQWLQJHQF\EXGJHW UDWKHU WKDQ
GHWHUPLQLVWLFDSSURDFK>@+RZHYHU WRHVWDEOLVKWKHFRQWLQJHQF\EXGJHWDQDJHQF\PXVWPDNHDOOHIIRUWVWRVHW
DVLGH D EXGJHWZKLFK LV RSWLPL]HG7KLV EHFRPHVPRUH LPSRUWDQWZKHQ DQ DJHQF\ LV GHDOLQJZLWK D SRUWIROLR RI
SURMHFWV$OORFDWLRQRIDQH[FHVVEXGJHWIRUDSURMHFWZLOOXVHXSWKHPRQH\WKDWFDQEHVSHQWRQRWKHUSURMHFWV)RU
LQVWDQFH WKHFXUUHQWDSSURDFKXVHGE\ WKH86)HGHUDO7UDQVLW$GPLQLVWUDWLRQ)7$ WRHVWLPDWH WKHFRQWLQJHQF\
EXGJHWLQWUDQVLWSURMHFWVFDOOHG7RSGRZQ0RGHOLVEDVHGXSRQDSUREDELOLVWLFPHWKRGXVLQJORJQRUPDOGLVWULEXWLRQV
IRUGLIIHUHQWFRVWFDWHJRULHV LQ WKHSURMHFW+RZHYHU WKHZD\ WKDWFRVWFDWHJRULHVDUH UDQJHG LVYHU\FRQVHUYDWLYH
UHVXOWLQJ LQ D FRQWLQJHQF\ EXGJHW IDU ODUJHU WKDQ ZKDW PLJKW EH LQGHHG QHHGHG >@ ,Q WKLV SDSHU ILUVW VHYHUDO
FRQWLQJHQF\GHILQLWLRQVJLYHQE\GLIIHUHQWDJHQFLHVDUHSUHVHQWHG7KHQDQH[KDXVWLYHOLVWRIDYDLODEOHPHWKRGVIRU
HVWLPDWLQJFRQWLQJHQF\EXGJHWLQFRQVWUXFWLRQLQGXVWU\LVFRPSLOHGDQGGLVFXVVHG
&RQWLQJHQF\'HILQLWLRQV
7KH$VVRFLDWLRQIRUWKH$GYDQFHPHQWRI&RVW(QJLQHHULQJ>@GHILQHVFRQWLQJHQF\DV³$QDPRXQWDGGHGWRDQ
HVWLPDWH WR DOORZ IRU LWHPV FRQGLWLRQV RU HYHQWV IRUZKLFK WKH VWDWH RFFXUUHQFH RU HIIHFW LV XQFHUWDLQ DQG WKDW
H[SHULHQFHVKRZVZLOOOLNHO\UHVXOWLQDJJUHJDWHLQDGGLWLRQDOFRVWV7\SLFDOO\HVWLPDWHGXVLQJVWDWLVWLFDODQDO\VLVRU
MXGJPHQWEDVHGRQSDVWDVVHWRUSURMHFWH[SHULHQFH´0RUHRYHULWGHFODUHVWKDWFRQWLQJHQF\GRHVQRWLQFOXGHFRVWV
FDXVHG E\  0DMRU VFRSH FKDQJHV  ([WUDRUGLQDU\ HYHQWV VXFK DV PDMRU VWULNHV DQG FDWDVWURSKHV 
0DQDJHPHQW UHVHUYHVZKLFK LV DQ DPRXQW DGGHG WR DQ HVWLPDWH WR DOORZ IRU GLVFUHWLRQDU\PDQDJHPHQW SXUSRVHV
RXWVLGHRIWKHGHILQHGVFRSHRIWKHSURMHFWDQG(VFDODWLRQDQGFXUUHQF\HIIHFWV&RQVWUXFWLRQ,QGXVWU\5HVHDUFK
	,QIRUPDWLRQ$VVRFLDWLRQ>@GHVFULEHVFRQWLQJHQF\DVWKUHHEDVLFW\SHVLQFRQVWUXFWLRQSURMHFWV7ROHUDQFHLQ
WKH VSHFLILFDWLRQ  )ORDW LQ WKH VFKHGXOH  0RQH\ LQ WKH EXGJHW $OVR 6FKQHFN HW DO >@ FDWHJRUL]HV
FRQWLQJHQF\ LQ FRQVWUXFWLRQ SURMHFWV LQ  6FKHGXOH FRQWLQJHQF\ DQG &RVW FRQWLQJHQF\ 7KHUHIRUH WKHUH LV
XQDQLPLW\WKDWFRQWLQJHQF\LVFRQVLGHUHGLQSURMHFWPDQDJHPHQWIRUPDQDJLQJULVNVDQGXQFHUWDLQW\DVVRFLDWHGZLWK
FRVW DQGVFKHGXOHRI DSURMHFW ,W VKRXOGEHQRWHG WKDWRXU IRFXV LQ WKLVSDSHU LVRQO\RQFRVW FRQWLQJHQF\7KXV
KHUHDIWHU FRQWLQJHQF\ UHIHUV WR FRVW FRQWLQJHQF\ XQOHVV RWKHUZLVH VWDWHG 6LQFH FRQWLQJHQF\ LV SDUW RI D SURMHFW
EXGJHWWKLVUHYHDOVWKHLPSRUWDQFHRIHVWLPDWLQJLWDVDFFXUDWHO\DVSRVVLEOHLQWKHHDUO\VWDJHRIDSURMHFWOLIH$V
WKHSURMHFWSURJUHVVHVDQGWKHGHVLJQGHWDLOVDUHGHFLGHGXQFHUWDLQW\DVVRFLDWHGZLWKWKHSURMHFWGLPLQLVKHVZKLFK
PHDQVOHVVFRQWLQJHQF\LVUHTXLUHG$OVRDFORVHDWWHQWLRQVKRXOGEHSDLGWKDWSURMHFWDOORZDQFHVDUHGLIIHUHQWIURP
FRQWLQJHQFLHV 3URMHFW DOORZDQFHV DUH HVWLPDWHV RU SOXJ QXPEHUV WKDW HVWLPDWRU XVHV WR DFFRXQW IRU SURMHFW
FRPSRQHQWV WKDW DUH KDUG WR HVWLPDWH HLWKHU EHFDXVH WKH GHVLJQ LV QRW FRPSOHWH RU EHFDXVH EDVHG RQ DYDLODEOH
LQIRUPDWLRQDQDFFXUDWHHVWLPDWH LVQRW IHDVLEOH>@7KHVHDOORZDQFHVDUHXQGRXEWHGO\SDUWRISURMHFWVFRSHDQG
PXVWEHLQFRUSRUDWHGLQWKHEDVHFRVW
&RQWLQJHQF\&DOFXODWLRQ0HWKRGV
7KH$VVRFLDWLRQIRUWKH$GYDQFHPHQWRI&RVW(QJLQHHULQJ>@FDWHJRUL]HVWKHPHWKRGVWRHVWLPDWHULVNFRVWDQG
HVWDEOLVK FRQWLQJHQF\ LQ IRXU PDMRU JURXSV  ([SHUW MXGJPHQW  3UHGHWHUPLQHG JXLGHOLQHV  6LPXODWLRQ
DQDO\VLVLQFOXGLQJUDQJHHVWLPDWLQJDQGH[SHFWHGYDOXHDQG3DUDPHWULFPRGHOLQJ$IRUHPHQWLRQHGPHWKRGVZLOO
EH H[SODLQHG LQ PRUH GHWDLO LQ WKH IROORZLQJ VHFWLRQV 6FKQHFN HW DO >@ JURXSV WKH PHWKRGV RI FRQWLQJHQF\
FDOFXODWLRQLQWRWZRPDLQJURXSV'HWHUPLQLVWLFPHWKRGVDQG3UREDELOLVWLFPHWKRGV%DFFDULQL>@GHVFULEHV
WKHWUDGLWLRQDOSHUFHQWDJHDVWKHPRVWFRPPRQO\XVHGPHWKRGLQSUDFWLFH+HDOVRPHQWLRQV0RQWH&DUORVLPXODWLRQ
UHJUHVVLRQDQDO\VLVDQGDUWLILFLDOQHXUDOQHWZRUNVDV WKHPHWKRGV WKDWKDYHJDLQHGSURPLQHQFH LQUHFHQW WLPHV ,Q
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WKLVSDSHUDVLWLVGHSLFWHGLQ)LJWKHFRPPRQPHWKRGVIRUHVWDEOLVKLQJFRQWLQJHQF\EXGJHWDUHGLYLGHGLQWRWKUHH
PDLQJURXSV'HWHUPLQLVWLFPHWKRGV3UREDELOLVWLFPHWKRGVDQG0RGHUQPDWKHPDWLFDOPHWKRGV$OORWKHU
FRPPRQPHWKRGVZLOOEHH[SODLQHGDVWKHVXEFDWHJRULHVRIWKHVHWKUHHLQWKHIROORZLQJVHFWLRQV
3.1. Deterministic Methods
'HWHUPLQLVWLF PHWKRGV DUH FRQVLGHUHG WR EH WKH VLPSOHVW DQG PRVW FRPPRQ PHWKRGV XVHG WR HVWDEOLVK
FRQWLQJHQF\EXGJHW>@7KHVHDUHXVHGE\RZQHUVZKHQWKH\GRQRWZDQWWRDSSO\DIRUPDOULVNDVVHVVPHQWRQD
SURMHFWGXHWRODFNRIWLPHVL]HRISURMHFWRULQVXIILFLHQWEXGJHW7KHWHUPGHWHUPLQLVWLFLPSOLHVWKDWWKHVHPHWKRGV
RIIHUDSRLQWHVWLPDWHIRUFRQWLQJHQF\EXGJHW'HWHUPLQLVWLFDSSURDFKHVFDQQRWHIIHFWLYHO\DGGUHVVWKHULVNVVSHFLILF
WRDSURMHFWDQGFRQVLGHU WKHXQLTXHHIIHFWVRISURMHFWFRPSOH[LW\PDUNHWFRQGLWLRQDQGORFDWLRQ>@7KHUHIRUH
GHWHUPLQLVWLFPHWKRGVFDQEHVXPPDUL]HGLQWZRPDLQFDWHJRULHVDVIROORZV
)LJ&RQWLQJHQF\&DOFXODWLRQ0HWKRGV
Predefined Percentages (Fixed/Line Items)7KLVDSSURDFKLV WKHVLPSOHVWPHWKRGRIFRQWLQJHQF\DOORFDWLRQ,Q
WKLV PHWKRG HLWKHU DQ DFURVVWKHERDUG SUHGHWHUPLQHG IL[HG SHUFHQWDJH RI WRWDO SURMHFW EDVH FRVW RU YDULRXV
SHUFHQWDJHVRIOLQHLWHPVZLOOEHDGGHGWRWKHSURMHFWEXGJHWDVFRQWLQJHQF\:KHQFRQWLQJHQF\LVDGGHGVHSDUDWHO\
IRUHDFKOLQHLWHPDOORFDWHGFRQWLQJHQF\LWFDQEHDQRYHUDOOFRQWLQJHQF\DVXQDOORFDWHGFRQWLQJHQF\DGGHGWRWKH
SURMHFW EXGJHW RQ WRS RI WKH DOORFDWHG FRQWLQJHQF\ (DFK DJHQF\ KDV LWV RZQ VHW RI JXLGHOLQH IRU FRQWLQJHQF\
SHUFHQWDJHV7KHVXJJHVWHGSHUFHQWDJHVDUHJLYHQIRUGLIIHUHQWNH\SKDVHVRIDFHUWDLQW\SHRISURMHFWDQGPD\EHD
VLQJOHYDOXHRUDUDQJHRIYDOXHV

Expert Judgment7KHRQO\GLIIHUHQFHRIWKLVPHWKRGDQGSUHGHWHUPLQHGSHUFHQWDJHLVWKDWLQWKLVPHWKRGWKHUHLV
QRW D VHW RI SUHGHWHUPLQHG SHUFHQWDJHV EXW DQ H[SHUW RU D JURXS RI H[SHUWV ZLWK VWURQJ H[SHULHQFH LQ ULVN
PDQDJHPHQW DQG ULVN DQDO\VLV GHILQHV WKH SHUFHQWDJH RI FRQWLQJHQF\ IRU WKH SURMHFW XQGHU FRQVLGHUDWLRQ (YHQ
WKRXJKWKLVPHWKRGFDQUHODWLYHO\FRQVLGHUV WKHVSHFLILFVLWXDWLRQRIHDFKSURMHFWE\DGGLQJXQLTXHSHUFHQWDJHIRU
&RQWLQJHQF\
&DOFXODWLRQ
0HWKRGV

'HWHUPLQLVWLF
0HWKRGV

3UREDELOLVWLF
0HWKRGV
0RGHUQ
0DWKHPDWLFDO
0HWKRGV
3UHGHILQHG
3HUFHQWDJHV
)L[HG/LQH
,WHPV
([SHUW
-XGJPHQW
6LPXODWLRQ
0HWKRGV
0RQWH&DUOR

1RQ6LPXODWLRQ
0HWKRGV
)X]]\
7HFKQLTXHV
,QWHJUDWHG
0RGHOVIRU
&RVW	
6FKHGXOH
5DQJH
(VWLPDWLQJ
3DUDPHWULF
(VWLPDWLQJ

3(57
$QDO\WLF
+LHUDUFK\
3URFHVV

5HJUHVVLRQ
([SHFWHG
9DOXH
)LUVW2UGHU
6HFRQG
0RPHQW
3UREDELOLW\
7UHH $UWLILFLDO
1HXUDO
1HWZRUN
2SWLPLVP
%LDV8SOLIWV
*If there are variable risks in the risk register, the use of simulation is required. 
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HDFKSURMHFW EXW LW GRHVQRWJR WKURXJK D IRUPDO DQG FRPSUHKHQVLYH ULVN DVVHVVPHQW7KHUHIRUH WKH FRQWLQJHQF\
EXGJHWFDQQRWEHHVWLPDWHGDGHTXDWHO\)XUWKHUPRUHVLPLODUWRSUHGHILQHGSHUFHQWDJHPHWKRGLWGRHVQRWSURYLGH
WKHFRQILGHQFHOHYHOIRUWKHVXIILFLHQF\RIWKHHVWLPDWHGFRQWLQJHQF\
3.2. Probabilistic Methods
7KHPDLQGLIIHUHQFHEHWZHHQSUREDELOLVWLFPHWKRGVDQGGHWHUPLQLVWLFPHWKRGV LV WKDW LQSUREDELOLVWLFPHWKRGV
XQFHUWDLQWLHVDUHH[SOLFLWO\PRGHOHGXVLQJDSSURSULDWHVWDWLVWLFDOGLVWULEXWLRQV>@$FRVWHVWLPDWHLVFRQVLGHUHGDV
WKH SUHGLFWLRQ RI WKH H[SHFWHG ILQDO FRVW RI D SURMHFW ZLWK D JLYHQ VFRSH DQG FRQVWUXFWHG GXULQJ D FHUWDLQ WLPH
ZLQGRZ>@7KLVGHILQLWLRQGLVFORVHV WKHSUREDELOLVWLFQDWXUHRIFRVWHVWLPDWH'XH WRDOOXQFHUWDLQWLHVDQG ULVNV
DVVRFLDWHGZLWK FRQVWUXFWLRQ SURMHFWV IURP HUURUV LQ FDOFXODWLRQ WR FDWDVWURSKHV DIIHFWLQJ WKH SURMHFW ILQGLQJ WKH
H[DFWFRVWRIDSURMHFWLVQHDUWRLPSRVVLEOH7KDWLVZK\DGLVWULEXWLRQRUUDQJHFDQEHPRUHDUHDOLVWLFUHSUHVHQWDWLRQ
RI SURMHFW FRVW LWHP8VLQJ D FRVW GLVWULEXWLRQ RQH FDQ GHILQH WKH OHYHO RI FRQILGHQFH DJDLQVW GLIIHUHQW YDOXHV RI
SURMHFWFRVW$FFRUGLQJWR0RVHOKL>@FRQWLQJHQF\LVDQLQYHUVHIXQFWLRQRIULVNWKDWPDQDJHPHQWDFFHSWVDWDQ
DVVRFLDWHGSUREDELOLW\RIFRVWRYHUUXQRFFXUUHQFH7KHORZHUWKHWDNHQULVNRIFRVWRYHUUXQRFFXUUHQFHLVWKHKLJKHU
FRQWLQJHQF\EXGJHWZLOOEHUHTXLUHG,QSUREDELOLVWLFPRGHOVWKHXQFHUWDLQWLHVDQGULVNVDUHLQFRUSRUDWHGZLWKLQWKH
FRVW HVWLPDWH7KHQHFHVVDU\ FRQWLQJHQF\EXGJHW LV HVWLPDWHGEDVHGRQ DGHVLUHG FRQILGHQFH OHYHO GHWHUPLQHGE\
VSRQVRUDJHQF\7KHVHW\SHVRIPRGHOVFDOFXODWHDUDQJHRIHVWLPDWHUDWKHUWKDQDSRLQWHVWLPDWH$OOPDWKHPDWLFDO
RSHUDWLRQVVXFKDVDGGLWLRQVXEWUDFWLRQPXOWLSOLFDWLRQDQGRWKHUKDYHWREHSHUIRUPHGRQGDWDUDQJHVDQGUHTXLUH
WKH XVH RI SUREDELOLW\ WKHRU\ 3UREDELOLVWLF PRGHOV RXWSXW ZKLFK DUH GLVWULEXWLRQV KHOS WKH FOLHQW XQGHUVWDQG WKH
SRVVLEOH FRQVHTXHQFHV RI WKHLU GHFLVLRQZKHUH SRLQW HVWLPDWH GRHV QRW KDYH WKLV IOH[LELOLW\ >@ 3UREDELOLVWLF ULVN
DVVHVVPHQW PD\ HPSOR\ D VHW RI WRROV VXFK DV IDXOW WUHH SUREDELOLW\ WUHH GHFLVLRQ DQDO\VLV DQG 0RQWH &DUOR
VLPXODWLRQ>@3UREDELOLVWLFPHWKRGVXVXDOO\QHHGPRUHWLPHDQGEXGJHWWRFRQGXFWDQGVRPHDJHQFLHVDQGPRVW
FRQWUDFWRUVDUHQRWZLOOLQJWRHPSOR\LWRQWKHLUQRUPDOSURMHFWV$FFRUGLQJWR6PLWKDQG%RKQ>@RQO\FRQWUDFWRUV
HQJDJHGLQSURFXUHPHQWRIKLJKO\FRPSOH[SURMHFWVLQYHVWLQIRUPDOULVNDQDO\VLV
3.2.1. Non-simulation Methods 

7KLV FDWHJRU\ LQFOXGHV WKH DQDO\WLFDO PHWKRGV LQ ZKLFK ULVN DVVHVVPHQW DQG FRQWLQJHQF\ FDOFXODWLRQ DUH
FRQGXFWHGZLWKRXWWKHXVHRIVLPXODWLRQVRIWZDUHSDFNDJHV7KLVLVDQDGYDQWDJHZKHQDQDJHQF\LVQRWZLOOLQJWR
LQYHVWRQVXFKVRIWZDUHSDFNDJHV+RZHYHUWKHVHDSSURDFKHVDUHQRWVXLWDEOHIRUODUJHLQIUDVWUXFWXUHSURMHFWVZKHUH
FRPSOH[PRGHOVDUHUHTXLUHG7KHVHPRGHOVFDQEHHIIHFWLYHWRROVIRUWKHULVNDVVHVVPHQWRIHDUO\SKDVHVRISURMHFW
GHYHORSPHQWVVXFKDVFRQFHSWXDORUSODQQLQJZKHQSURMHFWGHILQLWLRQLVQRWFRPSOHWH:LWKWKHDGYHQWRIWKHORZ
FRVW SHUVRQDO FRPSXWHUEDVHG DQG SRZHUIXO VLPXODWLRQ VRIWZDUH WKH MXVWLILFDWLRQ IRU WKH XVH RI QRQVLPXODWLRQ
DSSURDFKHV LV UHGXFHG +RZHYHU WKHPDLQ ZHDNQHVVHV RI VLPXODWLRQ DSSURDFKHV VXFK DV ODFN RI D FORVHGIRUP
VROXWLRQDQGWKHSRVVLELOLW\RIQRQFRQYHUJHQFHRIUHVXOWVUHPDLQ)ROORZLQJDUHVRPHH[DPSOHVRIQRQVLPXODWLRQ
PHWKRGV

Probability Tree 3UREDELOLW\ WUHHV SURYLGH D V\VWHPDWLF PHWKRG WR WUDQVIRUP LQGLYLGXDO ULVNV HDFK ZLWK D
FRQGLWLRQDOH[SHFWHGYDOXHLPSDFWDQGSUREDELOLW\RIRFFXUUHQFHLQWRDQRYHUDOOSUREDELOLW\DQGH[SHFWHGYDOXH7KLV
PHWKRG LVDGLDJUDPPDWLFUHSUHVHQWDWLRQRISRVVLEOHRXWFRPHVRIFRQVHTXHQFHHYHQWV7KLVPRGHO LVQRWSUDFWLFDO
ZKHQWKHQXPEHURIULVNVEHFRPHODUJHDVWKHQXPEHURIRXWFRPHVLQFUHDVHVH[SRQHQWLDOO\ZLWKWKHQXPEHURIULVNV
>@

First-Order Second-Moment (FOSM) )260 PHWKRGV DUH DSSUR[LPDWH PHWKRGV WR FDOFXODWH WKH PHDQ DQG
VWDQGDUG GHYLDWLRQ RI FRPSOH[ IXQFWLRQV 7KH\ XVXDOO\ OLQHDUL]H WKH IXQFWLRQ ILUVW XVLQJPHWKRGV VXFK DV 7D\ORU
VHULHVDERXWDQDSSURSULDWHSRLQWXVXDOO\PHDQDQGWKHQLWVILUVWDQGVHFRQGPRPHQWVDUHREWDLQHG

Expected Value,QWKLVPHWKRGILUVWDOOVLJQLILFDQWULVNVLQWKHULVNUHJLVWHUDUHLGHQWLILHG5LVNUHJLVWHULVDOLVWRI
DOOULVNVRSSRUWXQLWLHVDORQJZLWKWKHLULPSDFWVRQFRVWVFKHGXOHRIWKHSURMHFWZKLFKLVWKHLPSRUWDQWSURGXFWRIULVN
LGHQWLILFDWLRQSURFHVV>@7KHQWKHULVNVQHHGWREHTXDQWLILHGE\HVWLPDWLQJWKHSUREDELOLW\OLNHOLKRRGRIULVNV¶
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RFFXUUHQFH DQG LPSDFW RI ULVNV 7KH H[SHFWHG YDOXH RI HDFK ULVN LV FDOFXODWHG E\PXOWLSO\LQJ WKH SUREDELOLW\ RI
RFFXUUHQFH DQG LWV LPSDFW ,I WKH DOO LPSDFWV DUH GHWHUPLQLVWLF WKH DQDO\VLV FDQ EH GRQH ZLWKRXW VLPXODWLRQ
+RZHYHUPRVWRIWKHWLPHVLWLVQRWWKHFDVHDQGWKHLPSDFWLVXQFHUWDLQDQGKDVDGLVWULEXWLRQ$$&(>@JURXSVWKH
ULVNV WKDW KDYH GHWHUPLQLVWLF LPSDFW DV IL[HG RU GHWHUPLQLVWLF DQG WKRVH ZLWK XQFHUWDLQ LPSDFW DV YDULDEOH RU
FRQWLQXRXV:KHQWKHULVNVDUHYDULDEOHRUDWOHDVWWKHUHLVRQHWKHXVHRI0RQWH&DUORLVUHTXLUHGDQGWKLVPHWKRG
VKRXOGEHFRQVLGHUHGDVDVLPXODWLRQPHWKRG7KHFRUUHODWLRQDPRQJWKHULVNVFDQEHDGGUHVVHGZKLOHXVLQJ0RQWH
&DUOR VLPXODWLRQ 7KH FRQWLQJHQF\ LV FRQVLGHUHG WR EH WKH VXP RI DOO H[SHFWHG YDOXHV DQG KDV D FXPXODWLYH
GLVWULEXWLRQIXQFWLRQ&')ZKHQWKHLPSDFWVDUHXQFHUWDLQ$$&(>@UHFRPPHQGVWKDWWKRVHULVNVWKDWDUHEHLQJ
DFFHSWHGE\DJHQF\VKRXOGEHLQSXWWRH[SHFWHGYDOXHDQDO\VLV

Program Evaluation and Review Technique (PERT)3URJUDP(YDOXDWLRQ DQG5HYLHZ7HFKQLTXH 3(57 LV D
SURMHFWPDQDJHPHQWPHWKRGGHYHORSHG LQZKLFKZRUNV IRUERWKVFKHGXOHDQGFRVWRISURMHFWVXVLQJFHQWUDO
OLPLWWKHRUHP&/07KLVPHWKRGDVVXPHVD%HWDGLVWULEXWLRQIRUWKHFRVWRIHDFKLWHPZKLFKLVDSSUR[LPDWHGZLWK
DWKUHHSRLQWHVWLPDWHRSWLPLVWLFFRVWORZHVWPRVWOLNHO\WDUJHWDQGSHVVLPLVWLFKLJKHVW7KHVHWKUHHSRLQWVFDQ
EH HLWKHU HVWLPDWHG TXDQWLWDWLYHO\ XVLQJ GDWD IURP SUHYLRXV SURMHFWV RU TXDOLWDWLYHO\ XVLQJ H[SHUW NQRZOHGJH DQG
H[SHULHQFH>@+DYLQJWKHWKUHHSRLQWHVWLPDWHRIHDFKFRVWLWHPPHDQDQGYDULDQFHRIFRVWLWHPGLVWULEXWLRQFDQ
EHFDOFXODWHGEDVHGRQVRPHDVVXPSWLRQVLQWKH3(57PHWKRG+RZHYHU<HR>@PRGLILHVWKHRULJLQDOYDULDQFH
HTXDWLRQDFFRUGLQJWRDWKSHUFHQWLOH3(57DVVXPHVWKDWWKHFRVWLWHPVDUHLQGHSHQGHQWRIHDFKRWKHUZKLFKLVD
GUDZEDFNRIWKLVPHWKRG0RVHOKLDQG'LPLWURY>@VXJJHVWHGDSUREDELOLVWLFPHWKRGVLPLODUWR3(57ZKLFKFDQ
DFFRPPRGDWH WKH FRUUHODWLRQ DPRQJ WKH SURMHFW FRVW LWHPV(YHQ WKRXJK WKHPRGLILHG3(57PRGHOSURSRVHGE\
0RVHOKLDQG'LPLWURYDFFRPPRGDWHVWKHFRUUHODWLRQDPRQJFRVWLWHPVDQGKDYHSUHIHUHQFHRYHUWUDGLWLRQDO3(57
PRGHO WKLV LV VWLOO FDQQRW EH FRQVLGHUHG WKHRUHWLFDOO\ DFFXUDWH VLQFH LW DVVXPHV WKDW WRWDO FRVW KDV D QRUPDO
GLVWULEXWLRQ 7KLV DVVXPSWLRQ LV QRW WUXH ZKHQ FRVW LWHPV DUH QRW LQGHSHQGHQW DQG FRUUHODWLRQ DPRQJ WKHP LV
REVHUYHG

Parametric Estimating7KLVPHWKRGFUHDWHVDUHODWLRQVKLSEHWZHHQDQRXWSXWZKLFKFDQEHWKHFRVWRYHUUXQDQG
LQSXWVZKLFKFDQEHDVHWRIULVNIDFWRUV7KLVUHODWLRQVKLSLVGHYHORSHGXVLQJKLVWRULFDOGDWDDQGPHWKRGVVXFKDV
PXOWLYDULDWHUHJUHVVLRQDQDO\VLVDUWLILFLDOQHXUDOQHWZRUNRUHYHQWULDODQGHUURU(YHQWKRXJKWKLVPHWKRGLVVLPSOH
DQG TXLFN WR DSSO\ SUHFDXWLRQ LV QHHGHG WR VHOHFW WKH ULVN IDFWRUV WKDW KDYH SUHGLFWDEOH UHODWLRQVKLS ZLWK WKH
RXWFRPH)LUVWSDUDPHWHUVRIWKHPRGHOZKLFKDUHULVNIDFWRUVVXFKDVVFRSHGHILQLWLRQOHYHORIFRPSOH[LW\DQGVL]H
RISURMHFWPXVWEH LGHQWLILHG >@ ,W LV UHFRPPHQGHGE\$$&(>@ WKDWRXWFRPH LV VHW DV FRVWJURZWKSHUFHQWDJH
UHODWLYH WR WKH EDVH HVWLPDWH H[FOXGLQJ FRQWLQJHQF\ 'DWD PXVW EH FRQWUROOHG WR EH IUHH RI DQ\ REYLRXV DQG
VLJQLILFDQW HUURUV $IWHU HVWDEOLVKLQJ DOO LQSXW DQG RXWSXW SDUDPHWHUV DQG FROOHFWLQJ WKH QHFHVVDU\ GDWD WKH
UHODWLRQVKLSPRGHOFDQEHFRQVWUXFWHGXVLQJHLWKHUWUDGLWLRQDOPXOWLYDULDWHUHJUHVVLRQDQDO\VLVRUPRUHUHFHQWQHXUDO
QHWZRUN PHWKRGV 7KH QHXUDO QHWZRUN PHWKRGV DUH FODVVLILHG DV 0RGHUQ 0DWKHPDWLFDO 0HWKRGV DQG ZLOO EH
H[SODLQHGLQ6HFWLRQ

Regression7KLVW\SHRISDUDPHWULFHVWLPDWLQJKDVEHHQXVHGVLQFHV7KLVPRGHOLVPRUHHIIHFWLYHIRUWKH
HDUO\FRVWHVWLPDWHZKHQWKHUHLVQRWHQRXJKGHWDLODERXWWKHSURMHFW8VLQJDVRSKLVWLFDWHGPRGHODWWKHHDUO\VWDJHV
RI SURMHFW UHTXLUHV DGGLQJ DVVXPSWLRQV WKDW DGGPRUH XQFHUWDLQW\ WR WKH DQDO\VLV DQG UXQV DJDLQVW WKH SDUVLPRQ\
SULQFLSOH RI UHJUHVVLRQ DQDO\VLV ,GHDOO\ WKH UHJUHVVLRQ PRGHO PXVW EH VLPSOH DQG ZLWKRXW XVLQJ XQQHFHVVDU\
SDUDPHWHUVLWVKRXOGSURYLGHWKHEHVWILWIRUWKHGDWDDWKDQG>@5HJUHVVLRQPHWKRGLVUHFRPPHQGHGZKHUHWKHUHLV
D OLQHDU UHODWLRQVKLS EHWZHHQ GHSHQGHQW e.g. FRVW JURZWK DQG LQGHSHQGHQW YDULDEOHV ULVN IDFWRUV :KLOH WKH
DVVXPSWLRQRIOLQHDULW\LVQRWQHFHVVDULO\WUXHLWLVFRPPRQO\PDGH$VDQLQVWDQFHRIWKHUHJUHVVLRQPHWKRG.LP
DQG (OOLV >@ IRUPHG DPRGHO WR HVWLPDWH DQG SUHGLFW FRVW FRQWLQJHQF\ RI WUDQVSRUWDWLRQ SURMHFWV EDVHG RQ WZR
IDFWRUVRULJLQDOFRQWUDFWDPRXQWDQGHVWLPDWHGFRQWLQJHQF\DPRXQWVVHWE\PD[LPXPIXQGLQJOLPLWV

Analytical Hierarchy Process (AHP)7RDVVHVVWKHHIIHFWRIULVNVRQWKHSURMHFWVGLIIHUHQWPHWKRGVKDYHEHHQ
SURSRVHG WKDW XWLOL]H SUREDELOLW\ DQDO\VLV DQG0RQWH&DUOR VLPXODWLRQ+RZHYHU WKHUH LV QRW DOZD\V TXDQWLWDWLYH
GHWDLOHG LQIRUPDWLRQ DYDLODEOH WR XV IRU GHYHORSLQJ VXFKPRGHOV7KHUHIRUH WKH XVH RI D VXEMHFWLYH DSSURDFK IRU
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SURMHFW ULVNDVVHVVPHQW VRPHWLPHVEHFRPHV LQGLVSHQVDEOH7KHDQDO\WLFDO+LHUDUFK\3URFHVV $+3GHYHORSHGE\
6DDW\>@SUHVHQWVDIOH[LEOHDQGVLPSOHZD\RISURMHFWULVNVDQDO\VLV7KHOLQJXLVWLFWHUPVXVHGLQ$+3DOORZVULVN
DQDO\VWWRLQFOXGHVXEMHFWLYLW\H[SHULHQFHDQGNQRZOHGJHLQDQLQWXLWLYHDQGQDWXUDOZD\7KLVZDVILUVWDSSOLHGLQ
WKHULVNDQDO\VLVE\0XVWDIDDQG$O%DKDULQIRUWKHULVNDVVHVVPHQWRIDFRQVWUXFWLRQSURMHFW>@,QDPHWKRG
VXJJHVWHGE\'H\HWDO>@ILUVWWKHZKROHSURMHFWLVFODVVLILHGDFFRUGLQJWRWKHZRUNEUHDNGRZQVWUXFWXUH:%6
5LVNDQDO\VLVLVSHUIRUPHGVHSDUDWHO\IRUYDULRXVZRUNSDFNDJHV:3,QHDFK:3ULVNIDFWRUVDQGVXEIDFWRUVDUH
LGHQWLILHGDQGWKHRYHUDOOULVNRI:3LVFDOFXODWHGXVLQJWKH$+37RDOORFDWHFRQWLQJHQF\EXGJHWWKH\XVHWZRWLHUV
)LUVWWKH\LPSOHPHQWWKH3(57DSSURDFKVXJJHVWHGE\<HR>@IRUHDFK:3WRHVWLPDWHWKHWRWDOFRVWGLVWULEXWLRQ
7KHQXVLQJWKHRYHUDOOULVNRI:3HVWLPDWHGIURP$+3WKH\ILQGWKHDSSURSULDWHWDUJHWHGFRVWIURPWKHWRWDOFRVW
GLVWULEXWLRQ7KHUHTXLUHGFRQWLQJHQF\LVWKHGLIIHUHQFHRIWKHWDUJHWHGFRVWDQGEDVHFRVW

Optimism Bias Uplifts2SWLPLVP%LDV8SOLIWVPHWKRG DOVR NQRZQ DV5HIHUHQFH&ODVV)RUHFDVWLQJ LV D QRQ
VLPXODWLRQSUREDELOLVWLFPHWKRGGHYHORSHGE\)O\YEMHUJDQG&2:,>@ IRU WKH%ULWLVK'HSDUWPHQW IRU7UDQVSRUW
'I7LQHIIRUW WRGHDOZLWKRSWLPLVPELDV LQFDSLWDOSURMHFWFRVWHVWLPDWHV,Q WKLVPHWKRG WUDQVSRUWDWLRQSURMHFWV
KDYHEHHQGLYLGHGLQWRDQXPEHURIGLVWLQFWJURXSV7KHVHJURXSVLQFOXGHURDGUDLOIL[HGOLQNVVXFKDVWXQQHORU
EULGJHEXLOGLQJVDQG,7SURMHFWVDQGKDYHEHHQVHOHFWHGLQRUGHUWRKDYHVWDWLVWLFDOO\VLPLODUULVNRIFRVWRYHUUXQ
EDVHGRQ WKH VWXG\RI DQ LQWHUQDWLRQDO GDWDEDVHRI  WUDQVSRUWDWLRQSURMHFWV)RU HDFK FDWHJRU\ WKHSUREDELOLW\
GLVWULEXWLRQ IRU FRVW RYHUUXQ DV WKH VKDUH RI SURMHFWV ZLWK D JLYHQ PD[LPXP FRVW RYHUUXQ ZDV FUHDWHG +DYLQJ
HVWDEOLVKHGWKHHPSLULFDOFXPXODWLYHSUREDELOLW\GLVWULEXWLRQXSOLIWVDUHVHWXSDVDIXQFWLRQRIWKHOHYHORIULVNWKDW
WKH'I7LVZLOOLQJWRDFFHSWUHJDUGLQJFRVWRYHUUXQ³8SOLIW´LVWKHWHUPXVHGWRVKRZWKHDPRXQWWKDWWKHRULJLQDO
HVWLPDWH QHHGV WR EH LQFUHDVHG WR DUULYH DW WKH SURMHFW EXGJHW IRU D JLYHQ OHYHO RI FHUWDLQW\ZLWK UHVSHFW WR FRVW
DGHTXDF\,QWKLVDSSURDFKLWLVDVVXPHGWKDWWKHSURMHFWVLQIXWXUHZLOOEHKDYHVLPLODUWRWKHSDVWSURMHFWVIURPD
EXGJHWLQJ SRLQW RI YLHZ$OVR EHFDXVH WKH XSOLIW YDOXHV DUH EDVHG RQ D UHODWLYHO\ VPDOO QXPEHU RI SURMHFWV IRU
H[DPSOH WKHGDWDEDVH LV FRPSULVHGRIRQO\ UDLOSURMHFWV VHULRXVHUURU FDQSRWHQWLDOO\RFFXU LQ WKHFDOFXODWHG
XSOLIWV ,Q%DNKVKLDQG7RXUDQ>@ WKH2SWLPLVP%LDV8SOLIWVPHWKRGXVLQJE\ WKH'I7 LQ WKH8. LVFRPSDUHG
ZLWKDPHWKRGSUDFWLFHGE\WKH8QLWHG6WDWHV)7$IRUWUDQVLWSURMHFWVLQWKH86
3.2.2. Simulation Methods (Monte Carlo) 

,Q WKLVPHWKRGXVXDOO\H[SHUW MXGJPHQWDQGDQDQDO\WLFDOPHWKRGFRPHWRJHWKHU WRUHDFKDSUREDELOLVWLFRXWSXW
XVLQJDVLPXODWLRQURXWLQH>@ ,QPDQ\FDVHVZKHUH WKHFORVHGIRUPHTXDWLRQVDUHQRWDYDLODEOHRUGXH WRVHYHUDO
PDWKHPDWLFDORSHUDWLRQVRIGLVWULEXWLRQVDQDO\WLFDOPRGHOVEHFRPHPRUHFRPSOLFDWHGVLPXODWLRQFDQKHOSDQDO\VW
ILQGWKHSUREDELOLVWLFRXWSXW7RXUDQ>@GHFODUHVWKDWWKHXVHRIVLPXODWLRQLQPRVWFDVHVLVLQGLVSHQVDEOHEHFDXVH
GLUHFW DQDO\WLFDO DSSURDFKHV WHQG WR EH GLIILFXOW DQG DUH VRPHWLPHV LQIHDVLEOH 0RQWH &DUOR LV RQH RI WKH PRVW
FRPPRQVLPXODWLRQPHWKRGVLQWKHFRQVWUXFWLRQLQGXVWU\ZKLFKLVZLGHO\DSSOLHGLQULVNDQDO\VLVDQGFRQWLQJHQF\
FDOFXODWLRQ 7KLV PHWKRG ILUVW ZDV LQWURGXFHG E\ 6WDQLVODZ 8ODP D 3ROLVK PDWKHPDWLFLDQ 7KH RXWFRPH RI
VLPXODWLRQVKRXOGEHHYDOXDWHGWRHQVXUHLWLVUHDVRQDEOH>@2QHRIWKHPRVWFRPPRQPHWKRGVWKDWHPSOR\0RQWH
&DUORVLPXODWLRQLV5DQJH(VWLPDWLQJ

Range Estimating7KLV WHUPZDV ILUVW FRLQHGE\&XUUDQ >@DQGKHHYHQREWDLQHGDSDWHQW IRU WKHXVHRI WKH
WHUP,QWKLVPHWKRGILUVWFULWLFDOFRVW LWHPVDUH LGHQWLILHG7KHGHWHUPLQLVWLFHVWLPDWHRIHDFKFULWLFDOFRVW LWHPLV
FRQVLGHUHGDVWKHPRVWOLNHO\YDOXH1H[WWKHPLQLPXPDQGPD[PXPYDOXHVRIWKHFULWLFDOLWHPVDUHGHILQHGE\D
SURMHFWJURXS$W WKHHQGZLWK WKHKHOSRI0RQWH&DUORVLPXODWLRQ WKH WRWDOFRVWFXPXODWLYHGLVWULEXWLRQIXQFWLRQ
&')LVFDOFXODWHG7KLV&')LVXVHGWRHVWLPDWHWKHUHTXLUHGFRQWLQJHQF\WRUHDFKWKHGHVLUHGFRQILGHQFHOHYHOWKDW
EXGJHWZLOO QRW IDOO VKRUW7R LGHQWLI\ WKH FULWLFDO LWHPV WKH3DUHWR¶V/DZ WKH ODZRI WKH VLJQLILFDQW IHZDQG WKH
LQVLJQLILFDQW PDQ\ RU ZKDW LV NQRZQ DV  UXOH LV HPSOR\HG >@ ,W PHDQV  RI WKH ULVNV FRVWV ZLOO EH
DVVRFLDWHGZLWKRIFRVWLWHPV,QRWKHUZRUGVRUIHZHURIWKHFRVWLWHPVDUHFULWLFDO$$&(>@H[SODLQV
WKHFULWLFDO LWHPDVDQ LWHP WKDW LWVGHYLDWLRQ IURP WDUJHWFDQFDXVHFKDQJHFDOOHGFULWLFDOYDULDQFH LQ WKH
ERWWRP OLQH FRVW DW WKH FRQFHSWXDO HVWLPDWH RU  DW WKH GHWDLOHG HVWLPDWH -XVW WKRVH FRVW LWHPV LGHQWLILHG DV
FULWLFDODUHUDQJHGE\DSURMHFWWHDPEDVHGRQWKHLUNQRZOHGJHDQGH[SHULHQFH(DFKFULWLFDOLWHPFDQKDYHGLIIHUHQW
SUREDELOLW\GHQVLW\IXQFWLRQ3')VXFKDVWULDQJXODUQRUPDOORJQRUPDORU%HWD7KHVHOHFWLRQRIDSSURSULDWH3')
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IRUHDFKFRVWLWHPGHSHQGVRQKRZLWILWVWKHDYDLODEOHGDWDRUPHHWVWKHSURMHFWJURXS¶VEHOLHI7KHUHDUHQXPHURXV
FRPPHUFLDOVRIWZDUHSDFNDJHVVXFKDV#5LVNDQG&ULVWDO%DOOWKDWFDQKHOSDQDO\VWVDSSO\0RQWH&DUORVLPXODWLRQ
%\DGGLQJDOOFRVWLWHPVUDQJHGDQGIL[DQGUXQQLQJWKHPRGHOIRUVXIILFLHQWLWHUDWLRQVVD\WRWKHWRWDO
SURMHFWFRVWZKLFKLVQRZDGLVWULEXWLRQ&')UDWKHUWKDQDGHWHUPLQLVWLFYDOXHLVFDOFXODWHG7KLV&')GHVFULEHV
WKHSUREDELOLW\ WKDW WRWDOSURMHFWFRVWDVDUDQGRPYDULDEOHZLOOEHIRXQGDWDYDOXH OHVV WKDQRUHTXDO WRDFHUWDLQ
QXPEHU%DVHGXSRQWKHOHYHORIULVNWKDWDJHQF\GHVLUHVWRDFFHSWLVDFRPPRQFRQILGHQFHOHYHO WKHWRWDO
SURMHFW FRVW LV VHOHFWHG IURP WKH HVWLPDWHG &') 7KH UHTXLUHG FRQWLQJHQF\ LV WKH GLIIHUHQFH EHWZHHQ WKH QHZO\
HVWLPDWHGFRVWDQGLQLWLDOO\HVWLPDWHGFRVWEHIRUHDSSO\LQJUDQJHHVWLPDWLQJ7KHUDQJHHVWLPDWLQJFDQEHDSSOLHGDW
DQ\ NH\ SKDVH RI WKH SURMHFW DQG HYHQ GXULQJ WKH FRQVWUXFWLRQ SKDVH DW DQ\ FHUWDLQ SHULRG RI WLPH WR UHOHDVH
XQQHFHVVDU\ FRQWLQJHQF\ EXGJHW 5HFHQWO\ DOO VRIWZDUH SDFNDJHV DUH FDSDEOH WR DFFRPPRGDWH FRUUHODWLRQ DPRQJ
FRVWLWHPVE\WKHPHDQVRI6SHDUPDQ5DQNFRUUHODWLRQPHWKRG$QH[DPSOHRIWKLVPHWKRGLVWKHWHFKQLTXHXVHGE\
WKH )HGHUDO 7UDQVLW $GPLQLVWUDWLRQ >@ SXEOLVKHG LQ 3URMHFW *XLGDQFH 3*  FDOOHG 7RSGRZQ PRGHO 7KLV
PHWKRG LV H[SODLQHG LQPRUH GHWDLO DQG FRPSDUHGZLWK WKHPHWKRG XVHG E\%ULWLVK'HSDUWPHQW IRU 7UDQVSRUW LQ
%DNKVKLDQG7RXUDQ>@

Integrated Models for Cost and Schedule (YHQ WKRXJK LW LV REYLRXV WKDW FRVW HVWLPDWH DQG VFKHGXOH RI
FRQVWUXFWLRQ SURMHFWV DUH VRPHKRZ UHODWHG FRVW HVWLPDWLQJ DQG SUREDELOLVWLF VFKHGXOLQJ DUH RIWHQ VHSDUDWHO\ DQG
LQGHSHQGHQWO\DSSOLHG>@:KHQWKHUHLVQRVXFKDGLUHFWOLQNEHWZHHQVFKHGXOHDQGFRVWHVWLPDWHRIDSURMHFWWKH
GHYHORSHGPRGHOFDQQRWFRPSOHWHO\FDSWXUHXQFHUWDLQW\DQGULVNLPSDFWVDVVRFLDWHGZLWKWKHSURMHFW7KHUHIRUHWKH
FDOFXODWHGFRQWLQJHQF\EXGJHWPD\QRWEHVXIILFLHQW$PRGHOFDOOHG$%&6LP$FWLYLW\%DVHG&RVWLQJ6LPXODWLRQ
ZDVGHYHORSHGE\,VLGRUHDQG(GZDUG%DFN>@LQZKLFKUDQJHHVWLPDWLQJDQGSUREDELOLVWLFVFKHGXOLQJDUHDSSOLHG
VLPXOWDQHRXVO\ RQ DQ DSSURSULDWHO\PRGHOOHG FRQVWUXFWLRQ SURMHFW DW WKHZRUN EUHDNGRZQ VWUXFWXUH :%6 OHYHO
5REHUGVDQG0F*UDWK >@ VXJJHVWHGDQ LQWHJUDWHGFRVWDQGVFKHGXOH ULVNDVVHVVPHQW DSSURDFK IRU LQIUDVWUXFWXUH
SURMHFWV 7KH\ GLVFXVVHG WKDW PRVW FRPPHUFLDO VRIWZDUH SDFNDJHV GHYHORSHG IRU FRQGXFWLQJ ULVN DQDO\VLV XVLQJ
0RQWH&DUOR VLPXODWLRQ DUHQRW FDSDEOHRI FRQGXFWLQJ WUXHSUREDELOLVWLF ULVNEDVHG LQWHJUDWHG FRVW DQG VFKHGXOH
PRGHOLQJ 7KH\ VXJJHVWHG WKH XVH RI JHQHUDOSXUSRVH 0RQWH &DUOR VLPXODWLRQ VRIWZDUH VXFK DV #5LVN IRU
GHYHORSLQJ WDLORUPDGH VSUHDGVKHHWEDVHG PRGHOV 7RXUDQ DQG %DNKVKL >@ LQWURGXFHG DQ LQWHJUDWHG FRVW DQG
VFKHGXOHPRGHOIRUPXOWL\HDUSURJUDPVZKLFKFRQVLGHUVXQFHUWDLQWLHVLQFRVWVFKHGXOHDQGHVFDODWLRQ7KLVPRGHO
XVHV0RQWH&DUOR6LPXODWLRQDQGFRQVLGHUV0DUWLQJDOHVHULHVIRUPRGHOLQJRIHVFDODWLRQXQFHUWDLQWLHV
3.3. Modern Mathematical Methods  
Fuzzy Techniques)X]]\ VHW WKHRU\ LV DEUDQFKRIPRGHUQPDWKHPDWLFV WKDWZDV ILUVW LQWURGXFHGE\=DGHK LQ
IRUPRGHOLQJYDJXHQHVV LQWULQVLF LQKXPDQFRJQLWLYHSURFHVV>@7KLV LVDPHWKRGIRUFDSWXULQJYDJXHQHVV
XQFHUWDLQW\ LPSUHFLVLRQ HPEHGGHG KXPDQ NQRZOHGJH KXPDQ EHKDYLRU DQG LQWXLWLRQ DQG IX]]\ ORJLF HQDEOHV
FRPSXWLQJZLWKZRUGVZKHUHZRUGVDUHXVHGLQVWHDGRIQXPEHUV>@,QWKHULVNDVVHVVPHQWSURFHVVZKHQWKHUHLV
QR VWDWLVWLFDO GDWD DYDLODEOH RSLQLRQV RI H[SHUWV ZLWK \HDUV RI H[SHULHQFH EHFRPH YHU\ LPSRUWDQW ([SHUWV FDQ
SURYLGHTXDOLWDWLYHDVVHVVPHQWRIWKHULVNV7KHFRQYHUVLRQRIWKHVHTXDOLWDWLYHVWDWHPHQWVWRQXPEHUVIRUHVWLPDWLQJ
WKH XQFHUWDLQW\ LV QRW DOZD\V HDV\ )X]]\ VHW WKHRU\ LV DPDWKHPDWLFDO WRRO WKDW FDQ KHOS DQDO\VW TXDQWLI\ WKHVH
OLQJXLVWLFWHUPV>@'XHWRFRQFHSWXDOGLIIHUHQFHVEHWZHHQIX]]\ORJLFDQGSUREDELOLVWLFORJLF)X]]\WHFKQLTXHKDV
QRW EHHQ FDWHJRUL]HG LQWR SUREDELOLVWLFPHWKRGV  (YHQ WKRXJKERWK KDYH YDOXHV UDQJLQJEHWZHHQ  DQG IX]]\
ORJLFFRUUHVSRQGV WRGHJUHHRI WUXWKDQGSUREDELOLVWLF ORJLFFRUUHVSRQGV WRSUREDELOLW\ OLNHOLKRRG >@6DFKVDQG
7LRQJ >@ GHYHORSHG D PHWKRG IRU TXDQWLI\LQJ TXDOLWDWLYH LQIRUPDWLRQ RQ ULVN FDOOHG 4XDQWLWDWLYH 4XDOLWDWLYH
,QIRUPDWLRQRQ5LVNV44,5,QWKLVPHWKRGIX]]\VHWVDUHXVHGIRUFDSWXULQJH[SHUWRSLQLRQVDQGIX]]\ZHLJKWHG
DYHUDJHPHWKRGLVHPSOR\HGIRUDJJUHJDWLQJWKDWLQIRUPDWLRQ7KHRXWFRPHRIWKHLUPRGHOLVDSUREDELOLW\GHQVLW\
IXQFWLRQ0RUHRYHU&KDQHWDO>@JLYHVDUHYLHZRIIX]]\WHFKQLTXHVLQWKHILHOGRIFRQVWUXFWLRQPDQDJHPHQW,W
VHHPV WKDW WKHXVHRI IX]]\VHWV DQG ORJLFV LQ WKH ULVNDVVHVVPHQW DQGFRQWLQJHQF\FDOFXODWLRQ LVEHFRPLQJPRUH
ZLGHVSUHDG $V DQ H[DPSOH &KRL HW DO >@ GHYHORSHG D ULVN DVVHVVPHQW PHWKRG IRU XQGHUJURXQG FRQVWUXFWLRQ
SURMHFWV7KHSURSRVHGPRGHO LV FRPSULVHGRI IRXU VWHSV RI LGHQWLI\LQJ DQDO\]LQJ HYDOXDWLQJ DQGPDQDJLQJ WKH
ULVNVLQKHUHQWLQFRQVWUXFWLRQSURMHFWVDQGDULVNDQDO\VLVVRIWZDUHLVGHYHORSHGXVLQJXQFHUWDLQW\PRGHOLQJEDVHGRQ
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IX]]\VHWVFRQFHSW$OVR3DHNHWDO>@SUHVHQWHGDPRGHOIRUSULFLQJFRQVWUXFWLRQULVNVXVLQJIX]]\VHWVDVDWRRO
IRUFRQWUDFWRUVWRDVVLVWWKHPLQGHFLGLQJWKHELGGLQJSULFHRIDFRQVWUXFWLRQSURMHFW

Artificial Neural Network $UWLILFLDO 1HXUDO 1HWZRUN $11 LV DQ LQIRUPDWLRQ SURFHVVLQJ WHFKQLTXH WKDW
VLPXODWHVKXPDQEUDLQDQGLWVELRORJLFDOSURFHVV>@$11XVHVDPHFKDQLVPWROHDUQIURPWUDLQLQJH[DPSOHVDQG
GHWHFWKLGGHQUHODWLRQVKLSVDPRQJGDWDIRUJHQHUDOL]LQJVROXWLRQVWRIXWXUHSUREOHPV>@$11LVDEHWWHUVROXWLRQ
IRUPRGHOLQJFRPSOH[QRQOLQHDUUHODWLRQVKLSVWKDQFRQYHQWLRQDOPHWKRGVXFKDVQRQOLQHDUUHJUHVVLRQDQDO\VLV>@
$11 XVHV D VHW RI REVHUYDWLRQV LQSXW DQG RXWSXW WR ILQG WKH SDWWHUQ FDOOHG WUDLQLQJ H[DPSOH$IWHU WUDLQLQJ D
QHWZRUNKDVWKHFDSDELOLW\WRHVWLPDWHRXWSXWVTXLFNO\IRUQHZFDVHVZKHQIHGRQO\ZLWKWKHLUDVVRFLDWHGLQSXWV>@
7ZR GUDZEDFNV RI $11V DUH DQDO\]LQJ DQG H[SODLQLQJ WKH UHODWLRQVKLS EHWZHHQ LQSXWV DQG RXWSXWV LV KDUG WR
DFFRPSOLVKEHFDXVH$11VDUHHVVHQWLDOO\EODFNER[PHWKRGV >@DOVRVHOHFWLRQRI WKHFRQVLVWHQFHDQGXQELDVHG
LQSXWVDVWKHWUDLQLQJGDWDLVUHDOO\LPSRUWDQWEHFDXVHH[LVWHQFHRIELDVLQWKHWUDLQLQJGDWDLVWKHPDMRUIDFWRUWKDW
OLPLWVWKHSHUIRUPDQFHRIDQ$11>@$VDQH[DPSOHRIWKLVPHWKRG&KHQDQG+DUWPDQ>@XVHG$11RQWKHRLO
DQG JDV SURMHFWV7KH\ VHOHFWHGSURMHFWV SHUIRUPHG E\RQH RUJDQL]DWLRQ LQ RUGHU WR KDYH DVPXFK FRQVLVWHQF\ LQ
SUDFWLFHVDVSRVVLEOH$FRPPHUFLDOQHXUDOQHWZRUNGHYHORSPHQWVRIWZDUHSDFNDJHFDOOHG1HXUR6KHOOZDVXVHGWR
LPSOHPHQWWUDLQLQJDQGGHYHORSWKHPRGHO
&RQFOXVLRQ
$FFRUGLQJWRWKHSUHVHQWHGFRQWLQJHQF\GHILQLWLRQVWKHUHLVFRQVHQVXVWKDWFRVWFRQWLQJHQF\LVDUHVHUYHEXGJHW
IRU FRSLQJ ZLWK PRQHWDU\ LPSDFWV RI ULVNV DQG XQFHUWDLQWLHV DVVRFLDWHG ZLWK D SURMHFW ,W VKRXOG EH QRWHG WKDW
FRQWLQJHQF\ EXGJHW LV QRW LQWHQGHG WR DEVRUE WKH LPSDFWV RI HVFDODWLRQPDMRU VFRSH FKDQJHV DQG H[WUDRUGLQDU\
7KHUHIRUH WR NHHS D SURMHFW ZLWKLQ EXGJHW FDOFXODWLRQ RI DGHTXDWH FRQWLQJHQF\ LV HVVHQWLDO 7R WKLV HQG LW LV
LPSHUDWLYH WKDW DQ DJHQF\RZQHU EH DZDUH RI GLIIHUHQW FRQWLQJHQF\ FDOFXODWLRQ PHWKRGV DQG VHOHFW WKH PRVW
DSSURSULDWHRQHEDVHGRQWKHSURMHFWFKDUDFWHULVWLFV,QWKLVSDSHUWKHFRPPRQFRVWFRQWLQJHQF\FDOFXODWLRQPHWKRGV
ZHUH FROOHFWHG DQG FODVVLILHG LQWR WKUHH PDLQ FDWHJRULHV RI  GHWHUPLQLVWLF  SUREDELOLVWLF DQG  PRGHUQ
PDWKHPDWLFDO PHWKRGV 7KHQ SUREDELOLVWLF PHWKRGV ZHUH IXUWKHU GLYLGHG LQWR WZR PDLQ FDWHJRULHV  QRQ
VLPXODWLRQPHWKRGVDQGVLPXODWLRQPHWKRGV2YHUDOOIRXUWHHQGLIIHUHQWPHWKRGVZHUHLGHQWLILHGDQGGLVFXVVHG
XQGHUWKHVHFDWHJRULHV7KLVSDSHULVDJRRGUHVRXUFHIRUDJHQFLHVRZQHUVZKRDUHLQEXGJHWGHYHORSPHQWSKDVHDQG
ZDQWWRDOORFDWHFRQWLQJHQF\EXGJHWIRUWKHLUSURMHFWV
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